A glutathione redox cycle is a major antioxidant defense system for the detoxification of reactive oxygen species within erythrocytes. Reactive oxygen species such as superoxide anions, hydrogen peroxide and hydroxyl radicals are generated as a host defense mechanism for killing of engulfed Leishmania donovani, a causative agent of visceral leishmaniasis, are capable of damaging lipids and other biomolecules when produced in excess. Erythrocytes are most vulnerable to Reactive oxygen species. In present study we aimed to evaluate erythrocyte reduced glutathione (GSH) levels as an antioxidant and erythrocyte malondialdehyde (MDA) as a marker of lipid peroxidation. The study included twenty-five Visceral leishmaniasis patients and they were followed up after their complete chemotherapy with antileishmanial drugs (sodium stibogluconate) for 30 days. Forty six age and sex matched healthy individuals were taken as controls. GSH levels in erythrocytes of visceral leishmaniasis patients were increased in spite of significant increased erythrocyte MDA as compared to controls. Whereas erythrocyte GSH and MDA levels of follow up patients were decreased as compared to patients before treatment groups. We concluded that visceral leishmaniasis patients are in oxidative stress which most likely induces the endogenous antioxidant such as GSH or its poor utilization by cells.
INTRODUCTION
Visceral Leishmaniasis is caused by the protozoan parasite Leishmania donovani and is transmitted through bite of an insect vector, phlebotomine sand fly. Once parasites inoculated in the skin are phagocytozed by macrophages which in turn produces reactive oxygen species (ROS) such as superoxide anion (O 2 -. ), hydrogen peroxide (H 2 O 2 ) and hydroxyl radical ( . OH) as a host defense mechanism. But the accumulation of these ROS in the cells are capable of damaging biomolecules in which lipids are probably the most susceptible if not controlled by appropriate antioxidant scavenging system. The oxidative destruction of polyunsaturated fatty acids (PUFAs) is particularly damaging because it proceeds as a self perpetuating chain reaction (1) 
MATERIALS AND METHODS
The present study was conducted at B. P. Koirala Institute of Health Sciences, Dharan, Nepal. This was a longitudinal study which included 25 newly diagnosed (n-25) visceral leishmaniasis patients and they were followed-up after complete chemotherapy with Sodium Stibogluconate (SSG) for 30 days. Patients before treatment (n-25) and after treatment (n = 25) groups were compared separately with forty six (n= 46) age and sex matched healthy individuals as control group. The patient before treatment group was also compared with their follow-up. Informed consent was taken from patients as well as control groups. Three milliliters of blood samples were taken in EDTA vials. The chemicals used were of analytical grade and obtained from E-Merck and Hi-Media laboratory limited. The following estimations were carried out:
l Hemolysate MDA (HMDA): The hemolysate was prepared as described by Laxmi and Rajagopal (2) . The breakdown product of Lipid peroxidation like MDA reacting with thiobarbituric acid to form pink chromogen was measured at 535nm by the method of Donnan (3).
The method is based on the development of a yellow color when 5, 5'-dithiobis-(2-nitrobenzoic acid) is added to the sulfhydryl compounds as described by Beutler et al method (4) .
l Hemoglobin (Hb): Hb in whole blood and hemolysate is oxidized to methemoglobin with alkaline cyanide reagents to produce brown color compound as described by Drabkin and Austin (5).
The results were analyzed by student's 't' test to find out level of significance. P value ≤ 0.05 is considered as statistically significant.
RESULTS AND DISCUSSION
The results obtained are shown in Table 1 .The result showed an important role of free radicals in etiopathogenesis of visceral leishmaniasis. The extent of Lipid peroxidation (LPO) can be measured by the amount of MDA formed in erythrocytes (6) . In present study there was significantly increased HMDA in patients before treatment group which is due to increased production of ROS as host defense mechanism against invaded parasites. This indicates that patients of this group are in oxidative stress which is supported by their decreased level of Hb. Several lines of evidences suggest an important role of enhanced lipid peroxidation in pathogenesis of hemolytic anemia. Increased level of erythrocyte MDA and decreased level of Hb have been described in experimental visceral leishmaniasis in Hamsters by Sen et al (7) .The increased MDA in erythrocytes may be seen as a result of tissue catabolism of PUFAs (8) . HMDA levels were significantly decreased after the treatment of patient which suggests decrease in the production of ROS due to killing of microorganisms.
In all cell types exposed to oxidative stress, GSH plays a central role in protecting the cell. It has been reported that GSH can transduce its reducing power and serve as sulfhydryl buffer contributing the maintenance of reduced state of many sulfur-rich proteins spanning the erythrocytes membrane (9) . A glutathione redox cycle is a major defense system for detoxification of ROS within the erythrocytes (10) . In the present study, the significantly decreased level of whole blood GSH in patient before treatment groups as compared to control is due to high oxidative stress and over utilization of GSH by cells. At the same time significantly decreased levels of whole blood GSH in patient after treatment group may be due to the involvement of GSH in drug metabolism. The patients treated with SSG for 30 days may be using GSH for their metabolism. Hence, in our results, its level is decreased in whole blood. This is in agreement with previous study done by Carter et al (11) who has reported that GSH is involved in SSG metabolism.
However there is high GSH concentration in erythrocytes in spite of a significant increase in erythrocyte MDA. There is positive correlation between erythrocyte MDA and GSH levels. Glutathione peroxidase (GPx) is a powerful antioxidant enzyme that removes hydrogen peroxide from erythrocytes and its activity is dependent on GSH concentration. The GSH content in turn is maintained by the NADPH levels via glutathione reductase (GR). Thus it seems that the slight accumulation of GSH in patients before treatment groups may be due to reduction in the activity of GPx in comparison to (13) and Kocyigit et al (14) showed the decreased GPx activity in erythrocytes of cutaneous leishmaniasis patients compared to control. There is slight decrease of GSH in erythrocytes of follow-up patients as compared to patients before treatment indicates that the patients were trying to come to normal GSH levels with good prognosis. Our results are supported by the study done by Vural et al (15) who suggested increased MDA and increased GSH level in erythrocytes of cutaneous leishmaniasis.
In conclusion, the patients suffering from visceral leishmaniasis are in oxidative stress. Parasite invading the macrophages causes respiratory burst releasing different reactive oxidative species as a host defense. Increased ROS not only kill the parasites but also damage the cells and release MDA as a secondary marker of tissue damage. The whole blood GSH levels have been found to be decreased significantly due to counteract with ROS but erythrocyte GSH levels have been found to be increased indicating that either GSH is induced endogenously or is not effectively utilized by the erythrocytes to counteract the ROS.
